THTS is the third of a series of reports on an experiment in which I mg. methylcholanthrene in 0-I c.c. sesame oil was injected subcutaneously into the right flank of a number of two-months-old mice, belonging to the inbred strain's CBA and NBT and to 10 inbred generations of their reciprocal hybrids beginning with F,. A further 2 generations of untreated hybrids were raised, and the controls were the corresponding 12 generations of untreated mice of the same descent, originating from the untreated F, litter-mates of the injected hybrids as already described (Miller and Pybus, 1954a) . In both groups of injected hybrids there were some litters from F. onwards which were not injected and not bred from; these served as further controls. The reciprocal hybrids were named the CBA/ NBT or CN, and the NBT/CBA or NC strains; the prefix M was used to denote the injected groups and the uninjected descendants of injected mice. After injection, the mice of each pure strain were bred from, for one generation only, to give the M/NBT F, and M/CBA F,. groups, this generation remaining untreated. During the period of the experiment there were available as pure strain controls 254 females and 295 males of the CBA strain, and 309 females and 363 males of the NBT strain.
the NBT strain.
At one time the incidence of sporadic mammary tumours in the CBA strain was about 5 per cent, but latterly had declined. The NBT mice, although derived from the high mammary tumour Simpson strain, had never had a high incidence of breast cancer and had produced no case since the seventeenth generation; NBT mice from Generations 28 and 29 were used as parents of the hybrids, and mice from Generations 28 to 30 were injected, in the present experiment. During the period of the experiment no mammary tumours appeared in the untreated mice of either inbred strain. Both inbred strains were believed to lack the milk factor, but had been proved to be susceptible to its influence (Miller and Pybus, 1944) 1945). The origin of the mice used in the present work was given in detail in a previous communication (Miller and Pybus, 1954a) .
Throughout this paper, the word "tumour" without qualification denotes cc mammary tumour " and the incidences are based in all cases on the effective numbers of mice, i.e. the numbers alive in each group at the time of discovery of the earliest mammary tumour in that group. As will be seen from the various tables, many mice in all groups and especially in the injected groups died before reaching tumour age. "Tumour age " is subject to the qualification mentioned in the previous communications (Mfller and Pybus, 1954a and 1954b) since, although a superficial tuniour, the neoplasm could not be identified for certain 45 until the mouse was killed and the tumour sectioned; mice were allowed to hve as long as possible in order that remote effects of the carcinogen might be discovered. Owing to the large numbers of mice in the experiment, tumours, especially in later generations, were charted -only at death instead of at their first appearance, but the rrn'ce of all groups were equally subject to this error, and the tumour ages " in the different groups are therefore legitimately comparable and are an indication of the relative susceptibilities of the different groups.
Since this paper deals with mammary tumours, and no instance of a male mouse with this t e of tumour occurred during the experiment, the numbers of mice given refer oDly to females.
RESULTS.
Pure strains.-There were no tumours in the treated M/CBA mice or in their untreated daughters. Therewas one tumour (1-7 per cent) at the age of 5 months in an M/NBT mouse, and one (1-2 per cent) at the age of 17 months in an uninjected daughter (M/NBT F,) ( (Bischoff, 1945 ; Miller and Pybus, 1945 The differences of 2-17 per cent in the tumour incidences (twice the standard error of the difference = 2-12) and of 3-8 months in the average tumour ages (0-d = 1-7) in the reciprocal hybrids were both statisticaRy significant. The total NC group therefore had a mammary tumour incidence more than twice that of the total CN group, and tumours appeared nearly 4 months earher in the NC mice. In both groups, as shown in Table 1 , the non-tumorous mice lived to about the same age as the tumorous n2ice.
In both groups the tumour incidences were higher in F, than in F2, but not significantly so. In the preceding paper of this series (Mfller and P us, 1954b) In the M/CN and M/NC groups there were many mice from F5onwards, as well as the whole of Fl, and F.21 which were not injected. As shown in Table I In the uninjected M/NC group (Table III) In the injected hybrids, compared with the controls, the tumour incidence was raised and the tumour age lowered in both groups (Table I ). In the MICN group there were 18 tumorous mice in 283 living to 9 months and over, an incidence of 6-36 per cent, at an average age of 17-3 months (o-= 4-5). The earhest tumour was found at 9 months, the latest at 25-5 months. Compared with the NC group, the lowering of the tumour age by 4 months (from 21-1 to 17-1 months) (o-,, 1-2) and the raising of the incidence from 3-368 per cent in NC (minus F1) to 7-368 per cent in MINC were both significant (d 4-0) 2 x SE 2.746).
Comparing the two groups of injected hybrids, the difference in average tumour ages of 0-2 months was not significant. The difference in tumour incidences of per cent was ralso not significant. It appears that the large dose of methylcholanthrene had wiped out the differences in tumour age and incidence seen i the untreated control hybricls. A similar obhteration (of a sex-difference) was described by Strong (1943) (4-2 per cent). On account of the small numbers involved, both these incidences are in agreement both with the incidence in the remainder of the NC group, with or without Fl, and also with the total incidence-in the M/NC group.
The Site of Tumours. The fact that the majority of breast tumours in injected mice appeared at a considerably later age than the majority of tumours (of other types) induced at the site of injection suggests that the induction of the former was not purely a direct effect of the carcinogen on the tissues concerned. This is borne out by an analysis of the sites of the mammary tumours.
In the injected hybrids, most of the induced local subcutaneous tumours were sarcomata, but, amongst those exaniined histologically, 12 proved to be mammary carcinomata. Three of the mice with these local mammary tumours also had r-emote breast tumours, 2 on the right side and one on the left. (A mammary carcinoma in the third or fourth glands on the right side was considered to be at the site of injection, which was the right flank of the animal; tumours in Glands 1, 2 and 5 on the right side were considered to be remote, as were all those on the left side). The parent strains used in this investigation were beheved to lack the irnilk factor, but were known to be susceptible to its influence. The NBT strain was derived by -selection and inbreeding from the Simpson Strain 3 (Pybus and MiRer, 1938) which is know-n to have possessed the milk factor (Miller and Pybus, 1945 (Bittner, 1942 ; Miihlbock, 1950) Dmochowski, 1953) by a change in the genetic constitution of the animals.
The CBA strain was bred in this laboratory by a similar method. This strain may either lack the agent completely or possess it in a still more attenuated state. Cases of breast cancer have never been at all frequent in the strain and in recent generations have disappeared completely. Recent work on the presence of hyperplastic nodules in the mammary glands (Mffler and Pybus, 1952) confirms the absence or very low potency of the agent.
The total incidence of breast cancer in the 12 generations of the reciprocal hybrids between these 2 inbred strains was higher than that in either parent strain, and the total incidence in the NC group was significantly greater than that in the CN group. The crucial test for the effective presence of the milk factor would have been a comparison of the F, incidences but, owing to the unfortunate possibility of contamination of some of the untreated F,, mice of both crosses by contact with, or by licking their injected litter-mates (as already described (Mfller and Pybus, 1954b) ), this comparison is valueless from this point of view (since some of the tumours might have been induced by the carcinogen), although both groups of F, were equally subject to the contamination. In fact the F, tumour incidences of 5 -6 per cent in CN and 10-5 per cent in NC do not differ significantly; as the number of cases of breast cancer were so few in each generation, quite large differences in percentage incidence are not statistically significant. The question of the possible r'ole of the milk factor in the present work must therefore remain open.
The evidence for the transfer of enough methylcholanthrene to the untreated F, mice to induce mammary cancer, although not so striking as in the case of lung tumours. (Afiller and Pybus, 1954b) , is convincing. When the total tumour incidences in the corresponding injected and control reciprocal hybrids were compared, it was found that the incidence was raised and the tumour age lowered in the treated mice by amounts which were statistically significant. But (Andervont and Dunn, 1953) reported the production of mammary tumours in the same strain by giving a high dose of the same carcinogen by stomach tube. In their earlier work (Andervont and Dunn, 1950) they showed that whereas the smaner doses produced more mammary tumours than leukaemia, the reverse was the case for the largest dose. Strong and Williams (1941) (Miller and Pybus, 1945 ; Bischoff, 1945) that the incidence in breeder and virgin mice is practically the same, with a slightly higher incidence in the latter. Twelve of the 14 tumour-bearing breeders were injected animals. Kirschbaum et al. (1944) found that the percutaneous application of methylcholanthrene accelerated the appearance of mammary tumours in breeding females of a high breast cancer strain, but were unable to state definitely the effect on virgins of the strain.
Of the three predisposing factors for mammary carcinoma there remains that of the inheritance of a genetic susceptibility. The incidence of spontaneous tumours in the reciprocal hybrids was higher than that in either parent strain at the time of the experiment and was of the same order as that obtained by Andervont of mammary, carcinoma in the present experiment, and that hybridisation was responsible for the increased tumour incidence compared with the parent strains. In the CN group this increase was confined mainly to the first 2 generations, of which F, must be disregarded, but in the NC hybrids the increased incidence persisted in some degree to F3L1. The NC hybricls were more susceptible than the CN over the whole 12 generations as measured both by total tumour incidence and by average tumour age. It is probable that genetic divergence between the two sets of hybrids, such as has already been seen to occur for lung tumours (Mfller and Pybus, 1954b) , could account for this difference and, in the absence of any definite proof from the F, mice, together with the advanced ages at which most of the spontaneous tumours appeared, it seems improbable that the milk factor was present.
Although genetic variability comphcates the interpretation of the data, there seems to be good evidence, supported by the results of previous workers in this field, that the methylcholanthrene treatment increased the incidence of mammary tumours and induced them earlier, and the effect does not appear to be due entirely to direct action of the carcinogen on the mammary tissues, since tumours were found more often on the left side than on the right. An explanation of the effect seems to be provided by the recent work of Jull (1952) , from which it appears that methyleholanthrene has a progesterone-like effect on mammary tissue in stimulating the acinar development, which is a precursor of mammary cancer, although Orr (1951) considered that the methylcholanthrene-induced tumours themselves were derived from the duct epithehum.
